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Abstract: Thermal cracking is one of the process in which hydrogen iodide is thermally cracked into 
hydrogen and iodine. Sulphur-iodine (S-I) cycle is used to produce hydrogen. In the process sulphur 
trioxide and water vapor are formed which is to be converted into sulphur dioxide. Sulphur trioxide, 
water mixture is passed through a ceramic plate heat exchanger and which is heated using helium at a 
temperature of 1223K. A heat exchanger is to be designed to withstand such a high temperature using 
ceramic materials.In this paper a ceramic heat exchanger is analyzed with respect to pressure, 
temperature, concentration variation for different type fins configuration. ANSYS fluent software is used 
to analyze the different parameters. It is found that out of circular, semi circular and elliptical fins, 
elliptical fins are more suitable to accomplish the conversion of sulphur trioxide to sulphur dioxide. 
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I. INTRODUCTION 
Hydrogen is one of the prospects of the future 
energy carrier due to the growth of the global 
energy demand and the necessity to reduce 
greenhouse gas emissions. Hydrogen is among the 
two natural elements that combine to produce 
water. There are two main methods of hydrogen 
production technologies using high temperature gas 
reactors (HTGRs) namely thermo chemical water 
splitting cycles and high temperature water 
electrolysis. 
In the thermo chemical water splitting cycle 
hydrogen is thermally cracked from water into 
hydrogen and oxygen through chemical reactions at 
high temperatures (723Kto 1273K). In this cycle all 
the reactants and the products are regenerated and 
recycled. Energy as heat is given as an input to the 
thermo chemical cycle via one or more 
endothermic chemical reactions. Heat is rejected 
via one or more exothermic low temperature 
chemical reactions. 
Among the available thermo chemical cycles, the 
sulphur family consisting of sulphur-iodine cycle 
(S-I) cycle and hybrid sulphur (H-S) cycle are 
found to be the most promising candidates for 
hydrogen production. The sulphur-iodine water 
splitting cycle proposed by General Atomics (GA) 
is a promising candidate for thermo chemical 
hydrogen production. It consists of three chemical 
reactions that sum to the dissociation of water: 
2HI              I2 + H2 (723K) (exothermic) 
2 H2SO42 SO2 + 2 H2O + O2 (1123K) 
(endothermic) 
I2 + SO2 + 2H2O2HI + H2 SO4 (393K) 
(endothermic) 
The net reaction is the decomposition of water to 
hydrogen and oxygen. The sulphur-iodine thermo 
chemical water splitting cycle is shown in Fig1.  
In the process sulphur trioxide and water vapor are 
formed which is to be converted into sulphur 
dioxide. Sulphur trioxide, and water mixture is 
passed through a ceramic plate heat exchanger and 
which is heated using helium at a temperature of 
1223K. A heat exchanger is to be designed to 
withstand such a high temperature using ceramic 
material. In this paper analysis of such a heat 
exchanger is presented. 
 
Fig1: Sulphur-iodine thermo chemical water 
splitting cycle. 
II. GEOMETRY OF THE MODEL AND 
MATERIAL PROPERTIES 
The computer aided design (CAD) geometry for all 
models was modeled in SOLID WORKS and 
simulations were carried out in ANSYS FLUENT. 
The geometry and dimension for the current study 
were taken from the work done by Ponyavin et al 
[1]. 
 
Fig 2: Geometry and dimensions of single channel 
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Table 1 shows the geometry and dimensions of the 
model and Fig2 shows the model of the ceramic 
heat exchanger. 
Table1 Geometry of the model 
Object Name Geometry 
State Fully Defined 
Definition 
Type Solid Works 
Length Unit Meters 
Bounding Box 
Length X 1.016 mm 
Length Y 2.324 mm 
Length Z 6.4648 mm 
Properties 
Volume 15.265 mm³ 
Scale Factor Value 1. 
Silicon carbide (SiC) is used as the material for the 
solid regions. Density and specific heat are not 
strongly temperature dependent within the 
considered temperature range (973 K-1223 K) and 
hence they are assumed as constants. The density 
and specific heat values are 3130 kg/m3 and 1200 
J/kg/K. The thermal conductivity of SiC varies with 
temperature. The fluids used in the current model 
are sulphur trioxide, sulphur dioxide, oxygen and 
water vapor. Helium flows inside the hot fluid 
channel and a mixture of sulphur trioxide, sulphur 
dioxide, oxygen and water vapor flows inside the 
cold fluid channel (mixture side). In this process 
there is no chemical reaction taking place inside the 
cold channel (mixture fluid side). The gas 
properties of the flow areas do not depend on the 
temperature significantly. Therefore the properties 
are taken as constants for the areas with mean 
temperatures and pressure of 1.5MPa.The Thermal 
Properties of the gases for the helium and mixture 
flow channel are calculated from FLUENT and 
they are shown in Table 2 
Table 2 Thermal properties of gases 
               
Parameters 
               
Helium flow 
Mixture flow 
Density (kg/m3) 0.591 9.03800 
Thermal 
conductivity 
(W/m/K) 0.388 0.04184 
Specific heat 
(J/kg/K) 5193 1142.69 
III. BOUNDARY CONDITIONS 
The thermal boundary conditions for the front and 
back sides are adiabatic boundary conditions. The 
boundary conditions on the top, bottom, left and 
right sides are planes of symmetry. Mass flow rate 
is the inlet boundary condition and pressure outlet 
boundary condition is chosen for the outflow 
boundary. Pressure outlet boundary conditions 
require the specification of the static gauge 
pressure at the outlet boundary. The inlet mass 
flow rate for the mixture fluid is 3.148x10-6 kg/s 
and the helium fluid is 1.409x10-6 kg/s for a single 
channel model. The inlet temperature of the hot 
fluid channel (helium) is 1223.15 K and the cold 
fluid channel (mixture fluid) is 974.9 K. The 
Reynolds number obtained for the reacting flow 
channel is 244 and hence the flow is laminar for all 
the fin cases studied in this research. Fig3shows 
the boundary conditions for the single channel 
model. 
 
Fig3: Boundary conditions of the single channel 
model 
IV. RESULTS AND DISCUSSION 
Thermo chemical water splitting is a process in 
which hydrogen gas is generated by combining 
iodine,sulphur dioxide, and water at 393K. 
Thesulphuric acid converts into sulphur trioxide 
and water. Sulphur trioxide and water mixture is 
available at 1123K and passed through a heat 
exchanger, where the heat is added to attain a 
temperature of 1223K. This mixture is passed 
through a heat exchanger where it absorbs the heat 
at an average temperature of 1123K and splits into 
Sulphurdioxide, water vapor and free oxygen. 
Designing of a heat exchanger operating at an 
average temperature of 1123K is not possible using 
metal, since metal losses its physical properties. 
Ceramic materials are the promising candidate for 
such heat exchangers. For the analysis model 
developed by Ponyavin et al [1] is taken up and the 
results are analyzed  
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Case 1: Single channel model with circular type 
fin 
 
Fig4: Contour of velocity and pressure for single channel 
Model with circular fin 
 
Fig5: Contours of temperature in circular ribbed 
channel 
 
Fig6: Temperature Vs Length along the model 
 
   Fig7: Length Vs Pressure in the ribbed channel 
 
Fig8: Length Vs Velocity in the ribbed channel 
 
Fig9: Mass fraction of SO3 for single channel 
model with circular fins 
 
Fig10: Mass fraction of SO2 for single channel 
modelwith circular fins  
The circular fins are placed in the reacting channel 
of the heat exchanger. Six circular fins are arranged 
in a uniform arrangement. The height of the fins is 
around 70% of the channel height. Due to the 
presence of fins the pressure drop and heat transfer 
rate obtained are higher than the base case results. 
The heat transfer surface area is 2.212x10-5 m2 and 
the obtained heat transfer rate is 0.476W. 
The Fig4 shows that pressure is high for the 
mixture SO3+H2O and along the flow direction it 
will reduce to a pressure of 1.22 Pa and in the 
helium channel the pressure decreases along flow 
direction from 3.5 Pa to 1.0 Pa. The velocity in the 
mixture channel is of the order of 0.44 m/s and that 
of helium is of the order of 3.61 m/s. As shown in 
Fig5 shows the contour of temperature in circular 
ribbed channel in which temperature of mixture 
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channel varies from 1276K to 1307K and that of 
helium channel varies from 1347K to 1300K. 
The variation of temperature over the length for hot 
and cold fluid respectively shown in Fig6.The heat 
exchanger is counter flow and uniform temperature 
difference is maintained throughout the length at an 
average difference of 200K. The variation of 
pressure along the flow direction is shown in 
Fig7and velocity variation in Fig8. The velocity 
increases in between fin length as area of flow 
reduces. 
The most important is the conversion of sulphur 
trioxide to sulphur dioxide. In this context the mass 
fraction of a SO3 reduces and converts into 
SO2along the flow direction. Fig9 shows such a 
mass fraction variation for circular fins. It can be 
seen that mass fraction of SO3 decreases from 
0.7910 to 0.0879. Fig10 shows variation of mass 
fraction of SO2 for single channel circular fins and 
increases from 0.0222 to 0.2000.  
Case 2: Single channel model with semi circular 
type fin 
 
Fig11: Contour of velocity and pressure for single channel 
model with semi circular type fins. 
 
Fig12: Contours of temperature in semi circular 
ribbed channel. 
 
Fig13: Temperature Vs Length along the model 
 
Fig14: Length Vs Pressure in the ribbed 
channel 
 
Fig15: Length Vs Velocity in the ribbed channel 
 
Fig16: Mass fraction of SO3 for single channel 
model with semi circular fins 
 
Fig17: Mass fraction of SO2 for single channel 
model with semi circular fin 
The semi circular fins are placed in the reacting 
channel of the heat exchanger. Six semi circular 
fins are arranged in a uniform arrangement. The 
height of the fins is around 70% of the channel 
height.The front tip of the semi circular fin is 
slightly curved to prevent skewness and to decrease 
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the friction factor. The heat transfer surface area is 
2.169x10-5 m2 and the obtained heat transfer rate is 
0.472 W. 
In this Fig11 it can be seen that pressure is high for 
the mixture of sulfur trioxide and water and along 
the flow direction it will reduce to a pressure of 
1.296 Pa and in the helium channel the pressure 
decreases along flow direction from 4.9 Pa to 1.29 
Pa. the velocity in the mixture channel is of the 
order of 0.42m/s and that of helium is of the order 
of 3.59m/s. As shown in Fig12 the contour of 
temperature in semi circular ribbed channel in 
which temperature of mixture channel increases 
from 1289K to 1322K and that of helium channel 
decreases from 1355K to 1305K. 
The variation of temperature over the length for hot 
and cold fluid respectively shown in Fig13.The 
heat exchanger taken is counter flow and uniform 
temperature difference is maintained throughout 
the length at an average difference of 200K. The 
variation of pressure along the flow direction is 
shown in Fig14 and velocity variation in Fig15. 
The velocity increases in between fin length as area 
of flow reduces.  
The important is the conversion of sulfur trioxide to 
sulfur dioxide. In this context the mass fraction of a 
SO3 reduces and converts into So2 along the flow 
direction. Fig16 shows such a mass fraction 
variation for semi circular fins. It can be seen that 
mass fraction of SO3 decreases from 0.8010 to 
0.0890. Fig17 shows variation of mass fraction of 
SO2 for single channel semi circular fins. It can be 
seen that mass fraction of SO2 increases from 
0.0222 to 0.2000. 
Case3: Single channel model with elliptical type 
fin 
 
Fig18: Contour of pressure and velocity for 
single channel model with elliptical fins 
 
Fig19: Contours of temperature in elliptical 
ribbed channel 
 
Fig20: Length Vs Pressure in the ribbed channel 
 
Fig21: Length Vs Velocity in the ribbed channel 
 
 
Fig22: Temperature Vs Length along the model 
 
Fig23: Mass fraction of SO3 for single channel 
model with elliptical fins 
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Fig24: Mass fraction of SO2 for single channel 
model with elliptical fins 
Due to the streamlined nature of the fins heat 
transfer, this arrangement of the fins has the 
highest surface area density of all the cases. The 
heat transfer obtained is high due to the formation 
of primary vortices near each fin ends and the 
solid wall. The heat transfer rate obtained is 
0.562W. The heat transfer surface area is 
2.648x10-5 m2 
Fig18 shows that pressure is high for the mixture 
SO3+H2O and along the flow direction it will 
reduce to a pressure of 1.66 Pa and in the helium 
channel the pressure decreases along flow direction 
from 6.64 Pa to 1.66 Pa. The velocity in the 
mixture channel is of the order of 0.41 m/s and that 
of helium is of the order of 3.25 m/s. As shown in 
Fig19shows the contour of temperature in circular 
ribbed channel in which temperature of mixture 
channel varies from 1300K to 1323K and that of 
helium channel varies from 1347K to 1300K. 
The variation of temperature over the length for hot 
and cold fluid respectively shown in Fig20.The 
heat exchanger is counter flow and uniform 
temperature difference is maintained throughout 
the length at an average difference of 200K. The 
variation of pressure along the flow direction is 
shown in Fig21 velocity variation in Fig22. The 
velocity increases in between fin length as area of 
flow reduces.  
The most important is the conversion of sulphur 
trioxide to sulphur dioxide. In this context the mass 
fraction of a SO3 reduces and converts into SO2 
along the flow direction. Fig23 shows such a mass 
fraction variation for elliptical fins. It can be seen 
that mass fraction of SO3 decreases from 0.7662 to 
0.0851. Fig24 shows variation of mass fraction of 
SO2 for single channel elliptical fins and increases 
from 0.0243 to 0.2190.  
V. CONCLUSIONS 
From the analysis of different types of fin 
arrangement in a ceramic heat exchanger to convert 
SO3 into SO2 is as follows: 
 Pressure drop is minimum in elliptical fins i.e. 
16.6 Pa followed by circular and semi circular 
respectively 22.38 Pa and 31.6 Pa. 
 The velocity variations are not significant. 
 Maximum conversion of SO3 into SO2 is 
possible in elliptical fins i.e. 0.7622 fraction is 
converted in 0.219 respectively. 
 The heat transfer rate is higher in elliptical fins 
channel followed by circular and semi circular. 
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